Abstract: An investigation of the metallurgical complex surroundings in Elbasani, Albania used background samples to rule out the level of contamination in the study area. Our results show that atmospheric dust particles and soils are of high concern while overbank sediments and actual river sediments are of lower concern. The heavy metals with concentrations of up to 5 times above the local background values are Zn, Cr, Ni, Cu, Fe and Co in soils; Fe, Cr, Co, Ni, Zn, Pb in dust particles; and, Cr and Zn in the actual river/stream sediments. Due to the small size of the dust particles and the atmospheric transportation mechanism primarily related to prevailing winds, the concern for the transport of dust particles is high, especially with respect to risks associated with inhalation. The people working and living in the vicinity of the metallurgical complex of Elbasani are at the highest risk of exposure. Concerns relating to soils are associated with the potential for translocation of the trace element particles into vegetation, in particular, within the upper part of the plants. Therefore, the consumption of the vegetables grown in the vicinity of the metallurgical site should be avoided. Special attention has been given to the Shkumbini river, where the long residence time of water and particulates may result in transitions of trace elements between dissolved and particulate phases downstream.
Introduction
The risk assessment procedure requires an understanding of the mechanism of contaminant transportation from the source to the receptor, thereafter allowing for the predic- * E-mail: aurela_shtiza@yahoo.com † Current address tion of the behavior of contaminants in the environment [1] . The definition of physico-chemical properties is crucial in predicting the mobility of pollutants and heavy metals within the environmental compartments. Fate and transport models are commonly used to simulate the transport of contaminants in environmental media, such as unsaturated soils, aquifers and ambient air. Uncertainties in modeling include the choice of the physico-chemical properties of contaminants Carlon et al. [2] . The mobility of a contaminant in soil corresponds to the ability of the con-taminant to dissolve into soil pore water and to be transported by advective and diffusive processes through the soil/sediment medium. Therefore, the mobility description consists of two steps: the "environmental availability", and the transport process [3] . Heavy metals can be transported within soil/sediments in different forms, including as free metal ions (hydrated ions), as inorganic and organic complexes and adsorbed to colloids. All these forms should be taken into account when investigating the transportation mechanisms and mobility of the heavy metals within the different environmental compartments. Thereafter the development of management options available for reducing the level and impact of heavy metals in the environment depends on the availability of reliable information regarding the amounts of these pollutants entering the environment and their environmental behavior and fate [4] . The environmental fate and transport of contaminants absorbed onto soils/sediment particles are of growing concern in addressing environmental issues for single or complex industrial sites. The complexity of the contamination sources and the different types of wastes produced ranks megasites (i.e. metallurgy, harbours, oil refineries, chemical industry) as of high priority, in investigating the contamination levels and the mechanism that rules their dispersion [5] . In Albania different types of industries were developed, especially during the communist isolation period, some of which (such as metallurgical, or chemical) manufacture products and wastes that are of high concern. A drawback effect of the development of these types of industries was the fact that no precautions were applied during the working process and/or the storage of the waste materials, resulting in exposure for the people working in and living nearby these industrial sites. The metallurgical industry is of particular environmental concern since it produces in general large quantities of solid waste, which generally are stored in unrestrained conditions outside the different production units. Scientists generally agree on the fact that by investigating different environmental compartments, a better view and understanding on the fate of contaminants may be obtained, however due to the large costs involved in sampling and analytical processes, the investigations are usually carried out separately for soils, sediments, waters, vegetation and so on. Apart from studies in soil-plants [6] , soil-dusts [7] , no characterization of the different pollutant sources and their fate in dusts, soils, stream and overbank sediments altogether has been previously carried out in Elbasani region. The purpose of this study was to investigate: (1) the total concentrations of heavy metals and major elements in the vicinity of the metallurgical complex; (2) the chemical speciation of the trace metals, especially chromium, since mobility and toxicity depend on the chemical form; (3) distribution and transportation mechanisms for the pollutants in the area. By addressing the fate of the pollutants and the various contaminants on different types of solid-state particle media is possible to address and refine the measures to be undertaken in order to minimize the future environmental impact of the metallurgical industry in the area.
Study area

Geographical and geological setting
Elbasani is the third largest city in Albania situated 35 km SE of Tirana ( Figure 1A ). It lies in a flat area at an altitude varying between 100-300 m above sea level and is surrounded by relatively high hills. The region is characterized by a continental climate with some minor influence from the Adriatic Sea. The air temperatures vary between a minimum of 6.8°C in winter (January,) and a maximum of 23.6°C in summer (July-August) as indicated by Pumo et al. [8] . The prevailing winds are dominated by southwest and northeast directions, which correspond to the low relief area along the Shkumbini River valley. The Shkumbini River, like most rivers in Albania, originates from eastern part of the country and discharges into the Adriatic sea (west). The region is characterized by a continental climate with some minor influence from the Adriatic Sea. The city of Elbasani is located on proluvial Quaternary sediments deposited by the Shkumbini River, while the hilly area north of the city is composed of Miocene sediments and soils. The Shkumbini River originates from the Pliocene sediments (i.e. conglomerates, sandy clays) in the piggy back basin developed upon the Mirdita zone ophiolites and cross-cuts some of the main geological zones in Albania (Figure 1 ). The subsequent passage of the Shkumbini River through the Mirdita (ultramafic), Krasta-Cukali (Cretaceous-Eocene limestone and flysch) and Kruja-zones (flysch and sediments) indicates that the sediment signature represents a mixed geochemical signature of these different geological units. In the western part of this complex, the Shkumbini River passes through the Ionian carbonates and the Peri Adriatic depression sediments (which consist of Pliocene conglomerates, sands and clays) before it discharges into the Adriatic Sea.
Industrial setting
Located 5 km west of Elbasani city is one of the most important Albanian industrial areas. The metallurgical complex, (Figure 1B ), is part of this industrial area. The favorable low relief, the presence of the railway and the location of Elbasani city between mineralized areas (i.e. Shebenik-Pogradec massif, 50 km southeast of Elbasani) and the nearby Durres Harbour (55 km northwest of Elbasani, on the Adriatic coast) enhanced the fast industrialization of this city [9] .
The industrial activity started in the late 1960's, initially with a cement factory (1968) and gradually expanded with the different units of the metallurgical complex. The cement factory 7 km northeast of Elbasani makes use of Cretaceous-Eocene limestone and the Miocene clay deposits occurring in the surrounding area. The metallurgical complex is situated in the vicinity of the Bradashesh village ( Figure 1B) and north of the Quaternary sediments next to the Shkumbini River. The complex has a surface of 3.5 km 2 (ISPM 2001), and consists of different units (i.e. steel, iron smelter, Ni-Co factory, ferrochromium smelter, refractory bricks) shown in Figure 1 . In none of these industrial units has ever been operational a filtering system. The iron smelter and steel plant started their activity in 1976, making use of the iron-nickel laterites from the Shebenik-Pogradec massif as raw materials. The activity of these units intensified and their maximum peak in production occurred during the 1980s. The ferrochromium smelter of Elbasani was built during the 1980s and is identical to the smelter of Burrel [10] . The construction of this second smelter for ferrochromium production was essential due to the increase of exploited chromite ore (in Mirdita Zone). The smelter started its activity in 1989 and consisted of three furnaces with an annual production capacity of 35, 000 tonnes of ferrochromium alloys. In the southern part of the smelter, the slag wastes were deposited upon the Quaternary sediments and soils, on a surface of about 0.5 km 2 , without any pre-cautionary measures. The slags, which are rock-like or glassy materials, were composed chiefly of magnesia, silica, iron, and aluminum, while chromite and lime were minor components. However, the exact ratio of these constituents strongly depended on the processes employed for the production of the alloys 1 [11] . Due to the intensive activity of the metallurgical complex (especially of the steel industry) during the 80's, a reddish cloud was continuously present over the entire Elbasani valley. As a result of the flat relief and the prevailing winds, this heavy metal rich cloud was transported in the direction of Elbasani city. The complexity of the contaminants is directly related to the intense activity of each unit within the metallurgical industry in the past.
Three types of wastes can be identified in the surrounding of metallurgical complex of Elbasani: (a) solid wastes, such as smelting mainly from the ferrochromium and steel industry; (b) gaseous releases such as from the steel industry, ferrochromium; (c) soluble wastes. Our main focus will be on the solid and gaseous emissions, since they apply to the major units of the metallurgical complex, which have also been running for longer periods of time.
Sampling
In Elbasani, the industrial units cover a wide range of activities, giving rise to a wide variety of waste types. Since there is no filtration process employed in the metallurgical units, the gas emissions are rich in dust particles, which are considered important sources of contamination in the area. These dust-rich gases were transported up to several km in distance (as told from the inhabitants) mainly by the prevailing winds. The solid wastes were deposited without any precautions upon the soils nearby each unit. Therefore, water percolation and surface transport (runoff) most likely will transfer the heavy metals towards the Shkumbini River.
To assess the impact of the various contamination sources, in particular the ferrochromium smelting and steel factory, a complex sampling strategy was applied in the immediate surroundings of the industrial area. Table 1 gives a summary of the various sample types and their general characteristics. 
Local background sampling
With respect to the dust samples, three background samples were collected in the roofs of some isolated buildings at distances up to 20 km northwest of the metallurgical complex, in the direction of Tirana city. The selection of these sampling locations as a background was based on a desk study, taking into account their distance from the industrialized area, the prevailing wind direction and the absence of nearby roads. The industrial impact in the selected dust background sampling locations is considered to be minimal due to the distance and elevation at about 700 m above the industrialized area [9] .
The strategy of collecting local background samples for soils i.e. Burrel and Elbasani in Shtiza et al. [10, 12] consisted of: 1. representative geological formations of the study area; 2. collecting surface and soil profiles; 3. at least 5 km distance from the industrial site; 4. not in the direction of prevailing winds; 5. distant from roads. For this purpose, a total of 17 soil samples were collected in the Elbasani region, from which 8 samples were obtained from a soil profile five km to the west of the metallurgical complex, 4 samples were collected from top-soils above Quaternary sediments and 5 samples were taken from topsoils developed on Miocene sediments at about 100 m from the road to Tirana (15-20 km from Elbasani).
No local background samples could be obtained for overbank and active stream sediments from the Shkumbini river due to the fact that the upper part of this river derives from Pliocene sediments and ultramafic formations (Mirdita zone). Therefore, the geochemical signature of the sediments before the impact of the metallurgical complex reflects a mixed signature as the result of different geological units. Moreover, due to the unfavorable relief and limited deposition in the tributaries of the Shkumbini River, no overbank samples could be collected from the latter tributaries. Sampling downstream of the industrial complex obviously does not allow taking local background samples, since the risk of contamination cannot be excluded. However, since the Mat River (north-eastern part of Albania) originates from ultramafic substrata and Pliocene sediments [10] and is not directly influenced by Cr-related industries, its actual stream and overbank sediment signature can be considered as suitable for deducing local background concentrations. Since Mat River and Shkumbini River originate from the same geological substrata, the signature of the earlier river could be used for the comparison with sediments from the Shkumbini River, in order to infer the impact of metallurgical complex in the later one.
Dust
According to a study undertaken by ISPM [13] in the Burrel and Elbasani ferrochromium smelters, the dust content was 2-5 times higher in volume/m 3 than the allowed standards for air quality in the work places. However, the dust in the earlier study was not characterized chemically with respect to the heavy metal content. In this study, the industrial activity of the Elbasani metallurgical complex is investigated with respect to the release of unfiltered gases rich in particulate matter, which were deposited in the roofs of houses north (Bradashesh village) of the metallurgical complex. The dust particle samples were collected in the overlapping lofts, with the exception of samples 18, 19 and 20 that were collected from above a green house (constructed in the same time as the metallurgical complex). The sampling on house lofts was made based on the assumption that the dust had not been disturbed over some years. For each of the samples, information about the "age" of the dust (last time when the lofts were refurbished) was obtained from the inhabitants where possible. The dust samples covered an area 5 km long and 0.5 km wide, located along the main road in the NE-SW transect corresponding to the direction of the prevailing winds ( Figure 2A ). The collection of the dust samples was conditioned by the presence of the houses, mainly along roads and distant from the floodplains.
Soils
Generally soils are subject of weathering and anthropogenic processes. The presence of contaminants might be recognized in soils by the deposition of wastes, the lack of vegetation and severe disturbances in the texture of soils [14] .
Studies by Shallari et al. [6] , Dhimo et al. [15] , Sallaku et al. [16] , ISPM [17] , Van den Brande [18] , Shtiza et al. [10, 12, 19] demonstrated that industrial activities clearly have an impact on the total heavy metal concentration in the surrounding of industrialized areas in Albania. Due to the different sampling and analytical methodologies employed however, it is difficult to compare the final outcome from these investigations. Therefore, aiming to assess the spreading and the degree of contamination, in the immediate surroundings of the Elbasani metallurgical complex, 115 top-soil samples (0-10 cm) were collected. These samples covered a surface area of about 18 km 2 . No samples could be taken within the territory of the ferrochromium smelter and the steel plant. The sampling was carried out during two field campaigns, October 2002 (<0.2 km; immediate vicinity of the metallurgical complex) and October 2003 (0.2-2.7 km; large surface area). An overview of the top-soil sampling is given in Figure 3A .
Overbank profiles
Overbank deposits are formed when the water discharge exceeds the capacity of a river channel, depositing part of the sediment load on the flood plains. Consequently a succession of layers is deposited over time, as long as no erosion occurs. Furthermore, overbank sediments are considered to give a very good indication of the geochemical signature of catchment areas and the evolution in time as shown in Ottesen et al. [20] , De Vos et al. [21] , Macklin et al. [22] , Swennen and Van der Sluys [23] . The general philosophy behind sampling overbank sediments is that sediments from the deeper part of the profile can yield information on the geochemistry of the catchment area before human or industrial disturbance took place, while sediments from near surface reflect the recent influence of the anthropogenic input [22] . The detailed sampling of the sediments was set up to test the assumption that at least pre-industrial (geogene) samples could be taken from the lower part of the most part of the overbank profiles and that geochemical variations may distinguish between geogene (natural) and anthropogene (industrial) signatures.
In order to study the impact of the industrial site on the sediments of the Shkumbini River, eight overbank profiles were collected systematically along the Shkumbini riverbed. The trajectory along the river covered by the sampled overbank profiles was about 10 km. This trajectory was arbitrary subdivided into 3 parts ( The selection of the sampling locations was based on field criteria whereby locations with well-developed overbank successions were chosen. After undertaking a detailed field description, it was often possible to distinguish an upper part of the trajectory, where anthropogenic particles such as plastic and brick fragments, etc. occurred (overbanks A, B and C), from the middle and lower parts of the vertical section where these particles were not found. Detailed sampling was also undertaken on samples collected from several flood layers (varying between 5 and 25 cm in thickness) according to changes observed in grain size and other sedimentological criteria. When no textural changes were observed, intervals of 20 cm (overbanks F and G) and 25 cm (overbank H) thick were sampled.
Actual river sediments
Actual river sediments, composed mainly of silts and clay fractions, are the basis of most drainage basins surveys. Spread of contaminants can occur along rivers which drain the industrial areas as shown by Wolfenden and Lewin [24] , Hudson-Edwards et al. [25] , Hursthouse et al. [26] , Pirrie et al. [27] . The sediments become enriched with many heavy metals due to continuous deposition of suspended particles from the overlaying water [28] , or by dust particles [29] . Often in mining and industrial areas, the actual river sediments reflect the actual pollution occurring in the drainage area [24, 30, 31] . To assess the impact of the metallurgical complex on the actual stream sediment geochemistry, a reconnaissance study was carried out along the Shkumbini River, starting approximately seven kilometers upstream from the metallurgical complex to approximately 4 kilometers downstream. In total, 9 samples were collected. The samples were taken in the vicinity of the Shkumbini riverbed (Figure 4 ) in order to be able to compare the results from the actual (stream) and old (overbank) sediment signatures.
Methodology
Sample pre-treatment
Sample weight varied from 30 g to 250 g for soils and sediments and up to 10 g for the dust samples. The soil/sediments/dusts were dried at 40°C, disaggregated in a porcelain mortar, homogenized and sieved. More than 98% of the sample consisted of <2 mm fraction. After dividing into four parts, one part was crushed to fine powder for total analysis, while the rest of the sample was stored in plastic bags and set aside for additional analysis.
All the pre-treated samples were digested with the 4-acid method, which consists in the digestion of 0.1 g of sample initially by 2.5 ml HNO 3conc . Twice jointly 5 ml HF conc and 1.5 ml HClO 4conc were added. After partial evaporation 2.5 ml HCl conc was added in the final step. The total concentrations of Cr, Ni, Co, Zn, Cu, Mn, Fe, Ca, Mg, K and Al were measured by Flame Atomic Absorption Spectrometry (FAAS, types Varian AA6 and Varian AA-1475). The detection limit for most of the trace elements varied around 0.1 and 1 mg/kg. The insoluble residue from the 4-acid digestion varied between 1-3% of the initial sample weight. No undissolved chromium-bearing particles could be detected by X-ray Diffraction (XRD) or Energy Dispersive X-ray analysis (EDX) under a Scanning Electron Microscopy (SEM) in the residue. The undissolved particles consisted mainly of quartz. Therefore the term "total concentrations" will be used for the geochemical results obtained from the 4-acid digestion. Determination of the colours in dry soil/sediments was made in laboratory conditions based on the Munsell [32] . Soil-pH was measured in a suspension solution of 10 g of sediment (<2 mm) in 25 ml demineralised water after magnetic stirring for 30 min and 5 minutes sediment settling. When sufficient sample was available, measurements of pH and grain size were also carried out. The pH measurement was realized with a TitroWico Multititrator®(Wittefield and Cornelius, Germany). Grain size analyses [33] were carried out on composite samples, and was determined by laser diffraction (Malvern Mastersizer S long bed; Malvern, Worcestershire, UK). All the pre-treatments, analysis and measurements were carried out at the Geology Department, Katholieke Universitetit Leuven, Belgium.
Data reproducibility
To evaluate the accuracy in sampling, sample pretreatment and analysis, 10% of the samples were sampled and analyzed in duplicate. The analytical precision was better than 5% for the majority of the elements at 95% confidence level. Standard errors were significant (about 10%) only for Ca and Al in the duplicate samples.
The international soil standard (i.e. namely GBW07411) was added to some of the series analyzed with the 4-acid method. The concentrations for the 4 replicates of GBW07411 were (mg/kg): Cr, 59.2±9 (certified 59.6±5.0); Co, 12.3±2.5 (certified 11.6±1.4); Cu, 64.8±6.1 (certified 65.4±4.7); Ni, 21.9±2.5 (certified 24.2±2.1); Zn, 3875±100 (certified 3800±100). For the sediment samples the SO-1 standard was used. The values for three replicates (at 95% confidence level) were (in mg/kg): for Cr, 159±12.5 (certified 160±15); Cu, 63±7.5 (certified 61±2.9); Ni, 89.2±10.2 (certified 87±6); Zn, 147±6 (certified 146±5).
Cascade leaching test
Under natural conditions, waste materials are frequently in contact with water (e.g. rain or groundwater). In order to simulate such conditions successive leaching with water was carried out under laboratory conditions. Such a method provided information on the behavior of solid waste in contact with water. To observe the leaching of the heavy metals when they were in contact with water, the water leaching procedure was repeated five times [34] the so called Cascade Leaching Test, CLT). The initial water pH extraction was 4 to simulate acid rain conditions, while towards the end of the CLT it was similar to the natural pH of the sample due to the impact of the buffering capacity of the sample itself. Leaching behavior at L/S ratios of 20, 40, 60, 80 and 100 was assessed by a modified cascade leaching test [34] . This test was carried out on 5 soil samples, 4 river sediments and 2 fine grained solid waste from the Elbasani region. 1.5 g of sample (pre-treated as in section 4.1) was transferred to acidrinsed 80 ml centrifuge tubes provided with screw caps and suspended in 30 ml leaching reagent (de-ionized water acidified to pH 4 with diluted ultra pure HNO 3 ). The suspension was shaken for 12 hours at an angle of 45°in a horizontal shaker. Extractions were repeated until 5 fractions had been collected. After each extraction step, 10 min centrifuging at 2000 rpm, the sample was filtered through a 0.45 μm membrane.
Cr(VI) speciation: colorimetry
The colorimetric diphenylcarbazide (DCB) method (USEPA, 1995) was used to quantify the Cr(VI) in solution (i.e. CLT elutes). The measurement by UV-VIS spoectrophotometry was carried out versus calibration standards (prepared from 10 mg/L K 2 Cr 2 O 7 ) in the range 0.05 -2.0 mg/L. By adding diphenylcarbazide, in the presence of Cr(VI), a red-violet colour reaction took place in the water elutes. If no red-violet colour occurred in the elutes during colorimetric tests, but Cr was found by FAAS, it was assumed to consist entirely of soluble Cr(III) species (Cr(III) sol. ). To minimize changes regarding for the chromium speciation measurements, analyses were carried out within 24 hours after elutes were collected. 10% of the CLT extractions were made in duplicate.
Mineralogy
Quantitative analysis by XRD is a difficult task, especially when the samples contain complex phase mixtures, as is often the case with samples from highly contaminated sites, or from waste materials. By using a combination of geochemistry, XRD and SEM-EDX analyses it is possible to deduce the main mineralogical components of the different sampled solid media (i.e. composite soils and sediments, insoluble residue from digestion and final residue from the cascade leaching test) as well as the speciation in the solid sampling media. XRD analyses were carried out using a Philips powder diffractometer with Co radiation tube (λ-1.7902 Å). The samples were scanned from 5°-70°2θ in steps of 0.05°at 1 sec/step. All mineralogical determinations were carried out in duplicate.
Results
Local background samples
The main results in the immediate surroundings of the metallurgical complex will be discussed in comparison to their respective local background values. The local background values for heavy metals and major elements in attic dust samples are given in Table 2 . The concentrations of Fe and Mg have similar (1.7 wt.% and 1.5 wt.%), but lower than in soils, while Ca is enriched (6.7 wt.%) compared to its content in soils ( [10] . Same methodology as reported in this study.
Quaternary soils Miocene soils Attic dust Overbank Stream sediments n = 12 a n = 28 b n = 40 c n = 5 a n = 3 a n = 1 c n = The signature of ultramafic rocks or substrate is clearly defined by high concentrations of Cr, Ni, Mg and Fe. Worldwide Cr concentrations in ultramafic substrata are in the range of 1800-2400 mg/kg [35, 36] , while Ni concentrations are in the range of 2000 mg/kg [35] . Average concentrations of Cr Ni, Fe and Mg in the ultramafic (sepentine) rocks in Albania are 1625 mg/kg, 1515 mg/kg, Mg 16.1 wt.% and Fe 4.1 wt.%, while the concentrations in soils developed above serpentine substrata have concentrations of 2147 mg/kg, 2356 mg/kg, 9.9 wt.% and 8.3 wt.% respectively as reported in Shtiza et al. [10] . The values reported by Shtiza et al. [10] , for Cr are somewhat lower than the concentrations reported by Tashko [37] for Albanian ultramafic lithologies 4100 mg/kg. This might be related to the fact that the value reported by Tashko [37] refers to ultramafic lithologies where the Cr exploitation was taking place.
Geochemical data (Table 2 ) from the assumed local background soils (above Quaternary (12) and Miocene (5) substrata) at a distance from the metallurgical complex indicate that the concentration ranges of major elements like Fe, Ca and Al are rather similar for both substrata, with average concentrations of 3.9 wt.%, 5.7 wt.% and 4.6 wt.% respectively. In the soils developed upon Miocene substrata, Mg has lower mean concentrations (0.8 wt.%) than does the soil above Quaternary formations (up to 2 wt.% mean concentrations). The mean concentrations of Cr and Ni are slightly higher in the Quaternary soils (respectively 413 mg/kg and 318 mg/kg) than in the Miocene signatures (respectively 349 mg/kg and 294 mg/kg). Zn and Cu display a different behavior, showing higher mean concentrations in the Miocene soils (respectively 242 mg/kg and 312 mg/kg), but rather low (respectively 2 and 5 times) in the Quaternary soils ( Table 2 ). The local background values of soils from Elbasani region reported by Mazreku and Tashko [38] and Mazreku et al. [7] , although collected at a depth of 40 cm, fall within the range of the reported local background range for Elbasani region in this study. This indicates that the selection of the sites for local background sampling was accurate.
Due to the absence of local background values in the stream sediments and overbank profiles from the Shkumbini River, the discussion for these sampling media will be based on a comparative approach, for instance, by discussing the different sub-units of the river in relation to the location of the metallurgical complex. Eventually, the Mat River signature (since it is originating from ultramafic substrata and Pliocene sediments ( Table 2) ) can be used for comparison with sediments from the Shkumbini River, in order to infer the impact of the metallurgical complex in the later river.
Spatial distribution of dusts
Diverse types of very fine particles were emitted with the gases by the various units of the metallurgical complex. The results presented in Table 3 illustrate the general situation of the element content in the dust samples collected in the area for the accumulation period 1969-2003. Near the metallurgical complex the element concentrations in the dust samples reflect the signature of the anthropogenic particles, in contrast to the local background samples (Table 2 ) which reflect only the natural influence. In analyzing the samples which date back to about 1994 (the biggest group, thus statistically most relevant), it can be seen that much higher heavy metal concentrations are present on the SW side of the complex as compared with the NE direction. This is well observed especially for Cr, Figure 2 ). With regard to the distribution of Co ( Figure 2E ) the highest concentrations are found near the ferrochromium smelter and above the green house. The dust distribution of Pb ( Figure 2F ) appears unrelated to the different contamination sources. Since the collected dust samples correspond to the SW-NE prevailing wind direction, the influence of the wind is not clearly visible. The impact of the dust particles in samples 25 and 26 in the NE part of the sampling area is very small, most likely due to relief changes ( Figure 2A) . A higher relief acts as a barrier for the distant transportation of the dust particles from a specific contamination source. The higher Pb content might be associated with the presence of the nearby roads and the use of Pb-rich gasoline in the majority of vehicles in Albania, which was especially prominent at the beginning of the 1990's.
Soils
Due to the fact that no samples could be collected within the metallurgical complex units, the results reported focus on the contamination in the surrounding various industrial units. It is clear from Figure 3 that the reported values can be directly related to the anthropogenic source of the metallurgical complex and that contamination has spread out (if the maximum values are to be taken into account) in the area under investigation. Total heavy metal concentrations and major elements in top-soil samples are indicated in Figure 3 with the ferrochromium smelter as the central contamination point source. High concentrations were observed for Cr, Fe, Ni, Mg and Zn (not indicated) especially southeast of the smelter where the waste materials (i.e. slags) were deposited. Ni, however, was spread consistently in the immediate surroundings of the slag dumps. High concentrations of Cr, Fe, Ni and partly Mg were found in the southeastern part of the fer- Figure 3B , C, D, E), as well as in the eastern part of the complex (samples 103, 104 and 105). The presence of the steel factory also played an important role with regard to the high Fe concentrations. In this particular place, the inhabitants have constructed a road made of very fine waste/slag material in order to reach the Shkumbini River. The resistance of these waste materials versus weathering has made it a suitable cheap construction material in rural areas. Two slag samples, had pH values around 9, while the other soil samples reflect neutral to slightly alkaline conditions ( Figure 3F ), which generally indicates for a low mobility of Cr and other heavy metals. In Burrel [10] , the ratios Cr/Fe and Cr/Mg were used as the best indicator to distinguish between areas reflecting a natural or an anthropogenic nature. The same approach was used in the Elbasani region ( Figure 3G, H) . Here the result is to some extent restricted to the vicinity of ferrochromium smelter and steel factory. Due to the fact the different factories of the metallurgical complex provide different contaminants, their signatures cannot be determined based only in the above-mentioned indicators.
In Table 4 , range and mean concentrations of heavy metals and major elements near (<0.2 km) and in distance (0.2-2.7 km) from the ferrochromium factory are given. The distance of 0. smelter (<0.2 km) if compared to more distant sample locations (0.2-2.7 km), unlike Fe that shows higher concentrations in the samples collected at distance (0.2-2.7 km). The mineralogical analysis revealed that chromium in solid phases (soils and sediments) occurs only in its trivalent state (as chromium oxide Cr 2 O 3 ), which is virtually non-toxic and immobile. No soluble chromium was found in the water elutes from the soil samples, indicating that Cr occurs only as Cr(III).
Overbank sediments
The geochemical patterns for Ni, Cr, Fe and Mg in all the sampled overbank sediments are indicated in Figure 5 . The geochemical pattern of Cr, Ni, Mg and Ca in overbank A appeared to be similar, especially in the lower part (90-140 cm). The geochemical pattern of Fe and Mn appeared to be rather similar indicating a clay dominated pattern, while concentrations of Zn and Al appeared to be unassociated to the signature of other elements. In overbank B, the geochemical pattern of Cr, Ni, Mn, Fe, Mg and Al were similar. This could be due to a similar origin of the sediment particles composing this overbank profile. The pattern of Zn and Al occurred as standalone and no association with the other elements investigated could be drawn. In overbank profile C, the geochemical pattern of Cr, Ni, Fe and Mg were likely in the upper part of the profile (0-60 cm) while Mg did not follow the trend of the other elements in the lower profile (60-140 cm). Overbank profile D located just before the metallurgical complex, showed a decrease in mean concentrations of Cr, Ni, Fe and Mg towards the uppermost layers. This pattern could be due to the distance from the ophiolites of the Mirdita Zone and the smaller impact of these geological formations in the uppermost overbank signature. Profile E was taken adjacent to the industrial complex. The concentrations of Cr, Ni, Fe and Mg showed rather covariant patterns, with maximum concentrations at depths of 40-50, 80-90 cm ( Figure 5 ). These higher concentrations could be due to the direct deposition of metal-bearing particles during heavy rainfall periods on floodplain sediments. These particles were washed downwards by infiltrating rainwater and retained in these specific layers. However the reason for this is still unclear and might be related to the retention into clay particles. This assumption, finds no support since no data on grain size and clay content are available for profile E. However, similar processes have been reported by Kim et al. [29] , Walling and Bradley [39] (Figure 4 ). It occurred in the meandering part of the Shkumbini River and was sampled to a depth of 3 meters. This profile consisted of layers of light brown sediments with no particular textural patterns suggesting uniform depositional conditions. The geochemical signature of the three lowermost layers (225-300 cm) and in the uppermost sediments (0-75 cm) displayed higher concentrations of Cr, Ni, Mg and Fe, while a rather uniform geochemical pattern was observed in the middle part (75-225 cm) of this profile ( Figure 5 ).
Actual stream sediments
The geochemical results from all the investigated elements in the different parts of the Shkumbini River are given in Table 5 . Apart from Ca and Al, the geochemical pattern of the Shkumbini River sediments clearly reflects a trend that decreases downstream. The higher concentrations of Cr, Mg, Fe and lower concentrations of Ni (especially in the samples 1 and 2 in Figure 6 ) in the upper section of the river, clearly indicated the influence of the nearby ultramafic substratum with its characteristic signature. Due to changes in the substratum (Quaternary sediments), the total concentrations of Cr, Ni and Fe decreased i.e. up to one fourth for Cr and below half for Ni and Fe. If the signature of the lower sediments from the Shkumbini River were to be compared with those of the local background sediments of the Mat River (which represent an ultramafic and Pliocene signature without the influence of any anthropogenic sources (Table 5) ), slightly higher concentrations could be observed for Cr and Mg, while for Ni, Zn, Co and Fe, higher concentrations were reported for the Mat River sediments. The mean total concentrations of Ca and Al were higher in the downstream sediments of the Shkumbini River, as opposed to those in the Mat River. This could be due to the contribution of different tributaries in the former river, while in the latter river the tributaries were restricted to areas with rather low Ca and Al contents (ultramafic). The metallurgical complex did not appear to influence Cr and Ni concentrations, although it affected Fe and Mg especially in the middle part (samples 5, 6 and 7) where the metallurgical complex was located. The higher concentration of Fe in sample 3 could be related to the small distance from the steel factory as well as the long period (from 1976) since activity occurred. The pattern of Cu was unrelated to the impact of the metallurgical complex while that of Zn displayed an extreme concentration in sample 2. Such high Zn concentrations were not related to the ultramafic substratum or to the activity of the metallurgical complex. Consequently, the source contributing to such high Zn anomalies needs further investigation, but is most likely to be of anthropogenic nature. From the plots of the ratios Cr / Mg, Cr / Fe, Cr / Ni it is clear that sample 1 and to a lesser extent sample 2 related to the small distance from the ultramafic substratum reflecting the influence of the later on the geochemical signature of the sediments. The samples from number 3 onwards related mainly to Quaternary sediments giving fairly uniform element ratios.
Discussion
In the present study, the dust, soil and sediment signatures could be compared to the signature in local background samples, thus the grading of the most contaminated environmental compartments could be assessed. By grading the different pollutant compartment it is possible to address also the measures that are required to be undertaken in order to control the spreading and exposure versus contaminants.
The anthropogenic impact of the heavy metals produced and released from the metallurgical complex into soils, dust, actual stream and overbank sediments may be determined by comparing their minimum, mean and maximum element concentrations with the natural local backgrounds for the same elements ( Figure 7 ). The results from the Elbasani region indicate that there is a clear impact of the metallurgical complex mostly on soils and dust samples and less or even absent for overbank and stream sediments. Apart from the spreading of the windblown dust particles, the dumping of wastes (slags) and the secondary uses of slags (i.e. road construction) are recognized in the area as being additional contributing factors to the distribution patterns of the spreading of the contaminants. The investigation of the dust samples from the Elbasani region has indicated, as for the Burrel smelter [10] , that studying this sampling media can assess the impact of industrial activities. The heavy metal content and the dust sample location facilitated the identification of emissions from the different contamination sources as the most important factor contributing to such high heavy metal concentrations in dust. Most likely the local relief, and/or precipitation patterns can be identified as being important for the observed heavy metal distribution in the investigated dust samples. The concentration in dust samples is not only a function of flux, but also time as shown by samples 18, 19, and 20. The study of the spatial distribution of the heavy metal content in dust samples shows that the metallurgical activities during 30 years were an important source of heavy metal emissions (especially Cr, Fe, Ni, Co). The ferrochromium smelter has a more local impact as shown by the chromium dust distribution maps ( Figure 2C ). The local impact of Cr could be due to the small activity of this smelter over the years (started from 1989 onwards).
There is one natural and two anthropogenic geochemical associations in dust samples from this region as concluded by Tashko et al. [9] . The association of Al, K and Na indicates a natural source of wind-blown clay-soil derived particles, while the association of Cr, Fe, Ni, Co and Mn indicates the impact of the metallurgical activities. There are no clear links between the Zn and Pb contents of the dust samples and the industrial activity of the metallurgical complex. The contamination of dust particles near the industrial site by Cr, Fe, Ni, Co, Mn and to a lesser extent Zn and Pb is obvious by comparing them with their respective local background values ( Figure 7B ). The mean value of Cr, Fe, Co and Ni contents of dust samples are between 6 and 10 times higher than the natural background concentrations. Even the minimum contents of these elements are at least twice as high as in the natural local background samples. The anthropogenic impact is also clear for Zn, Pb, Mn and Mg considering average and maximum contents, whereby for Al, Cu and Ca considering only their maximum contents. Moreover Tashko et al. [9] , could associate the element concentration and the age of dust particles with the activity of different units of the metallurgical complex.
The geochemical record, especially in soils and dust samples, shows that soils have been severely contaminated due to intense slag deposition within the metallurgical complex as well as to the precipitation of unfiltered dust particles. The installation of filters to minimise and control emission releases in the surroundings of the metallurgical complex is essential. Since respiratory problems are strongly related to air quality both indoors and outdoors [40, 41] , the conclusions from this study can be of use in future health studies undertaken in the Elbasani region. Additional studies addressing the adhering of dust particles on the vegetation in the vicinity of the metallurgical smelter are necessary in order to address the infiltration of very fine dust particles into the food chain due to consumption. The study of the actual and overbank river sediments is important in order to address the main trends and also differentiate between geogene and anthropogene impact. The absence of reliable local background values for the actual stream and overbank sediments due to changes in the geological substratum and scarce accumulation capacity of the tributaries of the Shkumbini River makes the assessment of the impact of metallurgy in these sediment media difficult. By using only total concentrations, it is also extremely difficult to differentiate between geogene and anthropogenic signatures in the geochemical patterns of Shkumbini River sediments. Since a sharp contamination/non-contamination pattern cannot be assessed within the present dataset, additional investigation, with isotopic analyses might be used in the future to achieve this aim.
Since no soluble forms of heavy metals could be detected in the water elutes from soils, sediments and slag wastes (CLT), is clear that the transportation in soluble forms is unlikely to occur. This conclusion is in line with the results from Mazreku et al. [7] for water samples collected within the territory of the industrial zone. Therefore the mechanical transportation (weathering of slags -soil; dust particles -soils/sediments) controls the distribution pattern into the other compartments of the environment. Due to the fast industrialization of Elbasani region, it is clear that each environmental compartment (soil, sediment, water, air) is exposed to different emissions and waste release. Therefore, after the wastes have entered into the environment, it is possible to derive the Predicted Environmental Concentrations (PEC's) by using the monitoring data instead of model prediction values which are much more stringent and conservative [42] .
Conclusions
Overall results from this study indicate that by investigating several compartments of the environment at once, a better overview on the levels of contamination and the mechanism that rules the transportation of contaminants is obtained. Since dust particles have the highest heavy metals concentrations and the highest mobility due to prevailing winds they are also of major concern for the people working in the industrial units and people living in the surrounding area. Therefore additional investigations addressing the eco-and human-toxicological adverse effects caused by the precipitation and inhalation of the fine dust particles originating from the metallurgical complex shall be carried out in the future in Elbasani region. The data from this investigation can also be used to carry out exposure scenarios and risk assessment in the Elbasani region. Apart from further investigations and monitoring, integration of optimal operational conditions (installation of ventilation systems, recycle maximally the wastes, know the composition of wastes) and risk management measures (emission control, health surveillance, protective equipment for the workers) will be applied in all the industrial sites of the metallurgical complex. Generally these measures are intended to prevent and reduce the exposure during the occupational time and for the surrounding environment by controlling and minimizing the emissions, whereby the industry shall also be implicated in improving the quality of the working conditions and environment in general. In order to have low-risk work place environments, controls on the wastes released (in soils and sediments) and monitoring of the seasonal/temporal and spatial variability of the heavy metals are approaches required to observe the improvement. From this study it is clear that by knowing the distribution and the main pathways (passive transport with water and air, diffusion, mobilization, sedimentation and so on) it is possible to address the further steps to be undertaken to minimize exposure and contamination in the surrounding of industrial sites.
